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(57) Abstract: An electrostatic spray 
gun apparatus includes a spray gun 
housing (4) and a nozzle attached 
to a spray end of the housing, and 
a powder path (60) that extends in 
a substantially straight line along 
an axis of the housing from the 
power inlet to the powder outlet. The 
powder path (60) is in the form of 
an enclosed smooth powder passage 
that is substantially continuous and 
uninterrupted from the powder inlet 
to the powder outlet to eliminate 
substantially all recesses or gaps 
that could capture or trap powder. 
The powder passage is formed by a 
plurality of tubular segments that are 
aligned along the housing axis and 
abut end to end, that when assembled 
in the housing axially compress the 
segments together to substantially 
eliminate dead spots or recesses to 
form the continuous smooth powder 

path. The gun also includes a tube mount arrangement wherein the tube mount is rigidly held together with the gun housing in axial 
compression by a tie bar. The gun may further include a nozzle that provides a directional spray pattern to one side of the nozzle 
thereby allowing the gun to easily spray non-vertical surfaces, said nozzle comprising a generally hollow nozzle body having a 
powder passageway therein; said passageway having a central axis (XX), at least one slot (908 a, b, c) in said nozzle body that 
opens to said passageway; said at least one slot being substantially on one side of a reference plane (YY), said central axis (XX) 
being coplanar with said reference plane (YY), whereby powder enters said passageway and is sprayed out said at least one slot 
to form a spray pattern that is substantially directed away from said reference plane. 




wo 03/031075 Ai I mil 1I1HII1 U Hllll illll 1111 i II III I1HI IHH Hill UHl Hill llfl I1IHD Hil Ml BMI 



SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, 
VN, YIJ, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
Kit, US, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
liS, FI, FR, GB, GR, FE, IT, LU, MC, NL, PT, SE, SK, 
TR), OAP1 patent (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, 
GW, ML, MR, NE, SN, TO, TG). 



Declaration under Rule 4.17: 

— of inventorship (Rule 4. 1 7(iv)) for US only 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



WO 03/031075 PCT/US02/31343 
POWDER SPRAY GUN WITH INLINE ANGLE SPRAY NOZZLE 
RELATED PATENT APPLICATIONS 
This application is a continuation-in-part of co-pending United States patent application serial no. 
5 09/490,099 for POWDER SPRAY GUN filed on January 3 1 , 2000 which application claims the benefit of 
United States Provisional Patent Application No.: 60/154,295 filed on September 16, 1999 for POWDER 
SPRAY GUN; and is also a continuation-in-part of co-pending United States patent application serial no. 
09/667,663 filed on September 22, 2000 for POWDER SPRAY GUN, which application is a 
continuation-in-part of co-pending United States patent application serial no. 09/490,099 for POWDER 
10 SPRAY GUN filed on January 31, 2000 which application claims the benefit of United States Provisional 
Patent Application No.: 60/154,295 filed on September 16, 1999 for POWDER SPRAY GUN; this 
application also claims the benefit of United States provisional patent application serial number 
60/327,61 1 filed on October 5, 2001 for INLINE ANGLE SPRAY NOZZLE; the entire disclosures of all 
of the above are fully incorporated herein and by reference. 



15 



20 



FIELD OF THE INVENTION 
The present invention is directed to the art of spraying powder coating materials. More particularly, 
the invention is directed to a spray gun that is easy to clean internally and externally by substantially 
eliminating gaps and surfaces that can collect or trap powder. 



BACKGROUND OF THE INVENTION 
Powder coating materials may be applied to any number of objects and surfaces by spraying. A 
commonly used spraying technique is electrostatic spraying with an electrostatic spray gun. In such a spraying 
apparatus, the spray gun typically includes a spray nozzle through which powder is ejected toward a target 
25 surface or object to be coated with the powder. Oftentimes, the object or surface is placed in a powder spray 
booth to constrain the powder within a confined area and to facilitate recovery of powder overspray. 

Powder is fed to the gun from a powder supply, typically a powder feed hopper that may include a 
fluidized powder bed. The powder is fluidized in the hopper by a flow of air through the floor of the hopper. 
One or more powder pumps may be used to pump the fluidized powder from the hopper to one or more spray 
30 guns through a corresponding number of powder feed hoses. Such a powder spray apparatus is described in 
United States Patent No. 5,454,256, which is assigned to the assignee of the present invention and is fully 
incorporated herein by reference. These are exemplary systems, however, and those skilled in the art will 
readily appreciate that the present invention can be used with a wide variety of powder spray apparatus. 

Electrostatic powder spraying can be implemented in a number of ways. For purposes of the present 
35 invention, an electrostatic spray gun of particular interest is corona charging in which an electrostatic charge 
is applied to the powder being sprayed by exposing the powder to a corona or ion bombardment at the nozzle. 
This ion bombardment occurs when the electric field is high enough at the electrode to ionize air molecules. 
The electric field is produced by the electrode that is disposed at the nozzle and that is connected to a high 
voltage source, commonly referred to as a voltage multiplier. The target object or surface is held at an 
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electrical potential relative to the electrode, typically ground, and the charged powder particles are attracted to 
and readily adhere to the target surface. Thus, a typical electrostatic corona charging powder spray gun 
includes an electrical power input cable, a powder hose and may further include an air line for purge air, all 
connectable to the back end of the spray gun. 
5 A common problem with electrostatic spraying apparatus is the time and labor consuming task of 

color changeover. Powder coatings are characteristically made up of powder particles on the order of about 
thirty (30) microns in size, and in many cases can be substantially smaller. These small particles can easily 
find their way into various gaps and recesses within a spray gun housing, especially with the use of air 
pressure to force the powder through the gun housing and nozzle. In order to switch a gun from spraying a 

10 first powder color to another, as much of the first powder must be cleaned and removed from the gun as 
possible; otherwise, residual first powder color particles can mix with and contaminate the spray of the second 
powder color during subsequent use of the spray gun. It is also a common maintenance activity to clean a 
spray gun to remove excess powder from within the gun to prevent caking and clogging. Accordingly, it is 
typical for both routine maintenance and during color changeover to use air to blow off powder from various 

1 5 parts of the spray gun, both within the gun interior and that which may have collected on the gun exterior 
housing and supply lines. 

Known electrostatic powder spray gun apparatus do not effectively prevent the entrapment or 
collection of powder within the gun assembly. This results in the time consuming and costly need to 
disassemble the gun in order to blow away the trapped powder and subsequent re-assembly of the gun 

20 components. Known gun apparatus also do not allow for gun purging with air through the powder path 
through the gun as part of routine maintenance and color changeover. Still further, the increasing use of spray 
booths for confining and recovering powder overspray has resulted in a need for better and easier gun 
mounting arrangements while still permitting fast and effective cleaning and color changeover. 

Another shortcoming in known spray gun designs is that the gun configurations do not produce spray 

25 patterns that are easily applied to non-vertical surfaces such as a horizontal surface. This is especially so with 
spray guns that are rigidly mounted during a spraying operation. Known spray guns produce a central spray 
pattern relative to a longitudinal axis of the gun. Such a spray pattern typically fans out on both sides of the 
gun. Therefore, much of the spray pattern may miss a horizontal surface. 

Accordingly, it is an objective of the invention to provide a powder spray gun that can quickly and 

30 easily be cleaned both for maintenance and color changeover. Such a gun preferably will have minimal or 
negligible recesses or dead spots that can trap powder within the spray gun. Preferably, such a spray gun can 
also include an optional automatic gun purging function to assist in the cleaning operation. It is also an 
objective of the present invention to provide improved gun mounting arrangements while maintaining ease of 
assembly and color changeover and maintenance cleaning. 
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SUMMARY OF THE INVENTION 
To the accomplishment of the foregoing objectives and others, the present invention provides in a 
first embodiment an electrostatic spray gun apparatus having a spray gun housing, a nozzle attached to a spray 
end of the housing, the nozzle having an electrode therein for electrostatically charging the powder, and a 
5 powder outlet through which powder is ejected towards a target surface to be powder sprayed, a powder 
supply or feed hose connectable to the housing at an inlet end thereof, and a powder path that extends in a 
substantially straight line along an axis of the housing from the powder inlet to the powder outlet. In 
accordance with one aspect of the invention, the powder path is realized in the form of an enclosed smooth 
powder passage that is substantially continuous and uninterrupted from the powder inlet to the powder outlet 

10 to eliminate substantially all recesses or gaps that could capture or trap powder. In a preferred form, the 
powder passage includes a plurality of tubular segments that are aligned along the housing axis and abut end 
to end. Still further preferred, these powder passage segments are held together in axial alignment by 
externally threaded connectors that when assembled in the housing axially compress the segments together to 
substantially eliminate dead spots or recesses to form the continuous smooth powder path. 

1 5 In accordance with another aspect of the invention, a gun purge function is provided in the form of an 

adapter kit that allows a purge line to be installed on the gun assembly. This purge feature can alternatively 
be a standard feature of the gun, but as an optional feature it increases the flexibility of the gun design for the 
user. This gun purge feature assists in the cleaning and maintenance operations as well as facilitating color 
changeover. In accordance with a preferred embodiment of the purge function, the purge inlet connection is 

20 rotatable about the longitudinal axis of the gun housing in order to allow the purge inlet to be positioned so as 
not to interfere with other gun components. 

In accordance with another aspect of the invention, with the use of a straight powder path, the spray 
gun voltage multiplier is mounted off axis with respect to the gun housing longitudinal axis. Accordingly, the 
multiplier is electrically connected to the gun electrode via a conductor that is angled toward the nozzle from 

25 the multiplier. In order to permit easy removal of the electrode for cleaning the gun interior, a conductor 
cartridge is provided between the gun electrode in the nozzle and the output of the voltage multiplier. In 
accordance with a further aspect of the invention, the conductor cartridge includes a valve, preferably in the 
form of a stem check valve, that closes when the gun electrode is removed or at least unseated from the 
nozzle. This valve when closed prevents powder from being blown into the gun housing and in particular 

30 toward the voltage multiplier. When open, the valve permits conventional air washed electrode operation. 

In accordance with another aspect of the invention, improved gun mounting arrangements are 
provided. In one embodiment, a ball style bar mount is provided that permits the mounted gun to be oriented 
along two independent axes, for example, by rotating the gun about the vertical and horizontal axes. In 
another embodiment, the invention provides a tube mount arrangement in which an elongated mount tube 

35 extends from the rear of the spray gun to a mounting arrangement at the rear of the overall assembly. In a 
preferred form, the tube mount is rigidly held together with the gun housing in axial compression by a tie bar. 
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This arrangement provides a very rigid and secure structure that will not loosen during vibration and normal 
spraying operations. Further, this arrangement facilitates fast and simple assembly and disassembly for repair 
and maintenance. 

The present invention also provides a nozzle for an electrostatic spray gun wherein the nozzle 
5 produces a directional spray pattern that is directed along one side of the nozzle away from a reference plane. 
This allows the spray gun to easily and efficiently spray non-vertical surfaces. Simple rotation of the nozzle 
allows an operator to change the angular orientation of the reference plane and hence the spray pattern. 

Various other embodiments of the invention are described and claimed herein, and other features and 
advantages of the present device will become apparent from the following 
10 detailed description, with reference to the accompanying drawings and claims, which form a part of the 
specification. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a simplified schematic representation of a powder spray system incorporating the present 
15 invention; 

Fig. 2A is a perspective view of a first spray gun configuration referred to herein as a tube mount; 
Fig. 2B is a perspective view of a second spray gun configuration referred to herein as a bar mount; 
Fig. 3 is an exploded perspective of a ball mount assembly showing the fixed and pivot clamp halves; 
Fig. 4 is a side elevation of the fixed and pivot clamp halves assembled for securely holding a ball 
20 mount therebetween; 

Fig. 5 is a rear end view of a mounting bracket used for a bar mount configuration; 
Fig. 6 is a cross-section view of the ball mount taken on the line 6-6 in Fig. 5; 
Fig. 7 is a vertical section of the mounting bracket of Fig. 5; 

Figs. 8A and 8B are a detailed illustration of a bar mount electrostatic powder spray gun in 
25 accordance with the invention, shown in longitudinal cross-section; 

Fig. 8C is a detailed view in longitudinal cross-section of a nozzle lock nut; 

Fig. 8D is a detailed view of a gun nozzle section with an alternative nozzle and nozzle lock nut 

design; 

Figs. 9A and 9B illustrate a spray gun housing insert used with the powder spray gun; 
30 Fig. 10 is a view similar to Fig. 8A but illustrating an alternative embodiment of the spider and 

housing insert; 

Fig. 11 is an enlarged view of the forward end of the powder spray gun in longitudinal section with 
the cartridge valve fully closed and the spider removed; 

Fig. 12A is a view of the back end of the main gun housing in vertical cross-section; 
35 Fig. 12B is a partial cross-section view of the gun housing taken on line 12B-12B of Fig. 12 A; 

Figs. 1 3 A-D illustrate a first embodiment of a spider insert; 
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Fig. 13E illustrates and alternative and preferred embodiment of the spider insert in longitudinal 
cross-section; 

Figs. 14A and 14B is a spray gun using a tube mount configuration, in longitudinal cross-section; 
Figs. 15A and 15B illustrate a tube inlet bracket; 
5 Fig. 1 6 illustrates a tubing support bracket shown in perspective; 

Fig. 16A illustrates the support bracket of Fig. 16 from a rear perspective and with a tube inlet 

bracket; 

Fig. 17 is an enlarged view of the ion collector rod mounting bracket optionally used in the tube 
mounting configuration, shown in longitudinal cross-section; 
• 0 Fig. 1 8 is a gun purge assembly in accordance with the invention illustrated in longitudinal cross- 

section as installed on a spray gun; 

Fig. 19 is an exploded perspective of the gun purge apparatus of Fig. 18; 
Figs. 20A-D illustrate alternative designs for the tie-bar configuration; 
Fig. 21 is an alternative embodiment of the gun purge assembly of Figs. 18 and 19 
1 5 Fig. 22 is similar to Fig. 8A but illustrating several alternative embodiments; 

Figs. 23 and 24 illustrate an alternative embodiment of a tube support bracket; 
Fig. 25 illustrates an alternative embodiment for the hose and tie-bar connection; 
Fig. 26 illustrates an isometric view of a spray nozzle that produces a directional spray pattern in 
accordance with the invention; 
20 Fig. 27 illustrates a front end view of the nozzle of Fig. 26; 

Fig. 28 is a sectional view along line 28-28 of Fig. 27; 
Fig. 29 is a sectional view along line 29-29 of Fig. 27; 

Fig. 30 is an elevation of the nozzle of Fig. 26 illustrating schematically a spray pattern formed 
thereby; and 

25 Fig. 3 1 illustrates another embodiment of a directional spray pattern nozzle. 

DETAILED DESCRIPTION 
I. GENERAL POWDER SPRAY SYSTEM 

30 With reference to Fig. 1, the present specification relates to powder spray gun systems. The powder 

spray system 10 illustrated in Fig. 1 is intended to be exemplary in nature and should not be construed as 
limiting the scope of the present invention. Although the invention is described herein in the context of a high 
voltage electrostatic powder spray gun, those of ordinary skill in the art will readily understand and appreciate 
that many aspects and advantages of the present invention can be realized in many different types of powder 

35 spray systems. Accordingly, examples herein of specific applications of the invention should be construed as 
representative in nature and not limiting as to the scope of the invention. 



5 

BNSDOCID: <WO O3O31075A1 I > 



WO 03/031075 PCT/US02/31343 

A typical powder spray system 10 includes a powder spray booth A that is used to enclose an object 
or surface B that is to be sprayed with a powder C. Many different configurations for the spray booth A can 
be used and the particular spray booth selected forms no particular part of the present invention other than as 
part of an overall powder spray system that includes one or more of the inventive aspects of the present 
5 invention. An exemplary spray booth A is the Excel 2001 available from Nordson Corporation, Amherst, 
Ohio. All of the system components of the exemplary spray system 10 are commercially available from 
Nordson Corporation. 

The system 10 further includes a supply of powder C to be applied to the object B. The powder C 
may be held in a feed hopper D, which may be a main feed hopper or a hopper that is supplied powder from a 

10 main hopper (not shown). The hopper D typically includes a fluidizing bed E that provides a source of air 
through a porous floor in the hopper D to fluidize the powder, as is well known to those skilled in the art. An 
exemplary hopper is model no. HR-2-50 feed hopper available from Nordson. 

A powder pump F is used to draw powder from the hopper D up through a suction tube G and out a 
powder feed hose or line H. The pump F may be any design conveniently available, such as a Venturi type 

1 5 pump, Nordson model 100 Plus. The powder feed hose H is connectable to a powder spray gun 1 which will 
be described in detail hereinafter. Although the system 10 is illustrated as including a single gun 1 and supply 
system F and H, this is for clarity and ease of illustration. Those skilled in the art will readily understand that 
there may be, and typically are, a plurality of hoppers, pumps, powder lines and spray guns for a single spray 
booth or a plurality of spray booths. 

20 The powder spray gun 1 may be conveniently mounted on any support arrangement suitable for 

positioning the gun relative to the object to be sprayed. In the illustrated embodiment, the gun 1 is mounted 
on a support bar I by a conventional clamping mechanism J. The gun 1 illustrated in Fig. 1 is a first 
embodiment of a gun in accordance with the present invention and is referred to herein as a "tube mount" 
version for reasons that will be apparent hereinafter. The invention also provides a "bar mount" version that 

25 will also be described herein and uses a ball style mounting arrangement (see Fig. 8). In either the tube mount 
or bar mount version, the gun 1 may be mounted on a stationary platform or support as illustrated in Fig. 1, or 
alternatively may be mounted on a gun mover, reciprocator or other support system (not shown) as required. 

A conventional control system K may be used to control operation of the gun 1, such as Nordson 
model Versa-Spray II IPS Control Module. The control system K controls a supply of air to the gun via an air 

30 line L and also atomizing and flow air to the pump F, as well as electrical power via a power cable M. The air 
is used for cooling the gun 1 interior, and in particular the high voltage multiplier and for air washing the 
electrode as are well known to those skilled in the art. In accordance with a significant aspect of the 
invention, air can also be provided to the gun to effect an automatic gun purge function when an optional air 
purge kit is incoiporated into the gun 1, as will be described hereinafter. The air can also be fed to a hand 

35 held air nozzle that can be used to blow powder off the gun exterior and also to blow powder off various gun 
parts during maintenance or color changeover, as will be explained herein. 
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The forward end of the gun 1 includes a nozzle assembly 2. In use, the gun 1 is positioned 
appropriately so that a powder spray N is directed toward the object B. Typically the gun 1 is positioned in 
the spray booth A via a port or opening O in a booth wall P. In the exemplary embodiments herein, the gun 1 
is an electrostatic spray gun that applies an electrostatic charge to the powder as the powder exits the gun at 
5 the nozzle end. However, many aspects of the present invention will be readily understood as applying to 
other gun configurations. For example, the new ball mounting arrangement, gun purge option, gap free 
powder path and the tube mount configuration can be used with a wide variety of gun types. 

A significant problem that the present invention alleviates is the problem of being able to clean the 
gun I, especially the interior parts of the gun that are exposed to the powder. The powder C is transported 

1 0 through the gun 1 through a number of conduits or tubular members that collectively define a powder path. 
Powder can collect in the smallest of recesses and gaps within the gun 1 along the powder path and eventually 
can build up and cause a variety of problems as is well known to those skilled in the art. If the powder path is 
not gap free, powder can also find its way into various interior regions of the gun where its presence is 
undesirable, such as in the region of the voltage multiplier; or powder can even escape to atmosphere. Being 

15 able to effectively clean the gun interior of powder is also of significant importance when implementing a 
powder color changeover. The powder itself is easy to changeover simply by disconnecting the powder feed 
hose H from the gun and wheeling in another feed hopper and feed hose containing powder of a different 
color. However, it is important that the old color powder be eliminated from the gun 1 powder path and 
interior, otherwise the old color powder may mix in with the new color powder and compromise the quality of 

20 subsequent spraying operations. 

The present invention addresses the problem of cleanability and color changeover in a variety of 
ways all of which can be used individually or in combination with one or more of the other features. These 
features include a straight line, smooth and gap free powder path from the powder inlet end of the gun 1 to the 
nozzle assembly 2 outlet. By providing a tight, straight and gap free powder path, powder is constrained 

25 within the gun and will not enter areas within the gun interior that are difficult to clean. The gap free powder 
path also increases the effectiveness of a gun purge feature provided with the present invention. This purge 
feature can be automatically controlled by the gun control function K when the optional purge kit is 
incorporated onto a selected gun. The purge feature can also be used as a standard feature of the gun as 
distinguished from being an optional add-on kit. However, the invention provides for an optional kit if 

30 desired or required because the kit allows for easier custom configurations for different customers with very 
few part changes needed. 

Another aspect of the gun 1 in accordance with the invention that improves cleanability and color 
changeover is the provision of a mount tube housing extension and tie bar that greatly simplifies gun 
assembly and disassembly for maintenance and repair, while at the same time providing a very strong and 
35 rigid gun assembly that will not be susceptible to vibration and loosening. 

Still a further aspect of the invention that improves cleanability and color changeover is the provision 
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of a check valve that blocks powder from reaching the voltage multiplier and gun 1 interior during 
disassembly of the nozzle, and in particular during removal or replacement of the gun electrode assembly. 

II. TUBE MOUNT CONFIGURATION 

5 

Fig. 2A illustrates a first embodiment of a spray gun 1 in accordance with the present invention. The 
gun I includes a nozzle assembly 2 having a powder spray outlet 3. The gun 1 is further defined by a main 
gun housing 4 that typically is an elongated structure along a longitudinal axis X of the gun 1 . The gun 
housing 4 is used to enclose and support associated components of the spray gun 1, including among other 

1 0 things a gun electrode and a voltage multiplier that supplies a high voltage to the electrode for electrostatically 
charging the powder spray as it passes through and out the nozzle assembly 2. 

Axially extending from the back end of the main housing 4 is a housing extension or mount tube 5. 
The mount tube 5 is illustrated in Fig. 2A as being a two piece assembly including a tube connector 5A and an 
extension 5B, but it is preferred to make the mount tube 5 a single unitary tubular structure, either by making 

1 5 the sections 5 A and 5B a single piece or by permanently adhering the two pieces together as by gluing, for 
example. By making the mount tube effectively a single unitary piece, the overall gun 1 is a significantly 
more rigid and stable assembly, as will be further explained hereinafter. 

The mount tube 5 may be any length in order to allow the gun 1 to be properly positioned for a 
particular spraying operation within the spray booth A. Typical lengths are two, three and four feet, for 

20 example, but the mount tube 5 can be made to any desired length. The nozzle assembly 2 and the housings 4 
and 5 are preferably but not necessarily made of a suitable strong plastic material. The main gun housing 4 
typically is about ten inches in length. The mount tube 5 is held in axial compression against the gun housing 
4 by operation of a tie bar, as will be described in greater detail hereinafter. The tie bar concept allows for 
easy and fast assembly and disassembly of the gun 1 for maintenance and repair, while maintaining a strong 

25 and rigid assembly during spraying operations. 

The mount tube 5 encloses a number of supply lines that are routed to the gun 1 from the control 
system K and the feed hopper D (Fig. 1). These supply lines include a powder feed tube 62 and the electric 
power cable M and the air line L (not shown in Fig. 2A). The mount tube extension portion 5B may, if 
desired, be made oval and compact as illustrated. Since the gun 1 also houses the multiplier, it tends to be 

30 somewhat oval and bulged in profile, therefore the connector portion 5 A transitions the two oval parts 1 and 
5B. Nothing prevents the use of a continuous size mount tube 5, however, if such is desired and there is no 
particular advantage to the illustrated tapered portion other than to save on material, cost and weight of the 
material used to form the mount tube 5. The mount tube 5 thus primarily is used for structural support of the 
gun 1 for a tube mount configuration, and also serves as a cover for the various individual supply lines that 

35 run to the spray gun 1 . 
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The mount tube 5 is mounted on an adjustable bar clamp assembly 14. The bar clamp assembly 14 
adjustably secures the gun assembly to the support bar 1. The clamp assembly 14 permits selective 
positioning of the gun assembly along the axial length of the support bar I; the clamp assembly further can be 
conventional in design and forms no particular part of the present invention. A mounting sleeve 16 is used to 
5 secure the gun assembly to the bar clamp assembly 14, Preferably, the sleeve 1 6 can be adjustably positioned 
along the length of the mount tube 5 for positioning the gun assembly relative to the spray booth A and the 
object being sprayed B. 

III. BAR MOUNT CONFIGURATION 

10 With reference to Fig. 2B, an exemplary embodiment of a bar mount configuration is illustrated in 

perspective. The basic spray gun 1 design may be the same as for the tube mount configuration of Fig. 2A, 
thus making the two configurations easily interchangeable with a few component changes, as will be apparent 
from the subsequent descriptions herein. The bar mount configuration includes the spray gun 1 having the 
main gun housing 4 and the nozzle assembly 2. The mount tube 5, however, is not used for the bar mount 

1 5 configuration. Rather, the supply lines H, L and M are routed up to the back end of the spray gun assembly 1 . 
These supply lines are then connected via a mounting bracket 1 8 as will be described in detail hereinafter. 

The gun 1 is supported on the main support bar using a conventional clamp assembly as in Fig. 2A. 
However, in this embodiment, the gun 1 is directly mounted to an adjusting rod 20 that is connected to the bar 
clamp assembly 14. The adjusting rod 20 is thus axially adjustable relative to the bar clamp assembly 14 

20 when the clamp assembly 14 is loosened. At a second end of the adjusting rod 20 the rod 20 is securely 
attached or clamped to a ball mount assembly 22. The ball mount assembly 22 allows the gun 1 to be aligned 
at a selectable orientation relative to the object to be sprayed; and in the preferred embodiment, the ball mount 
22 permits a wide range of adjustment angles relative to the horizontal and vertical axes. A bolt 24 can be 
used with a tool to loosen and tighten the ball mount assembly 22. Optionally a knob could be used in lieu of 

25 the bolt 24 to manually adjust the ball mount assembly 30 (see Fig. 4). 

With reference to Fig. 3, the ball mount assembly 30 includes a fixed clamp half 26 and a pivot 
clamp half 28. When assembled, the fixed clamp 26 and the pivot clamp 28 form a releasable clamp that 
captures and securely holds a ball mount 30 in a selectable alignment. The fixed clamp 26 includes a 
cylindrical outer shell or sleeve 32 and an integral concentric inner sleeve 34. As best viewed in Fig. 8B, the 

30 gun support end of the adjusting bar 20 slips into an annulus 36 that is formed between the inner and outer 
sleeves 32, 34 of the fixed clamp 26. The dual sleeve arrangement 34, 36 is provided simply to accommodate 
two different adjusting bar 20 diameters. A smaller diameter bar 20 can slip into the inner sleeve 34 (as 
shown in phantom in Fig. 8B), while a larger diameter bar 20 can slip into the annulus 36. In either case, 
tapped through holes 38 are provided through the sleeves 32, 34 to accept set screws (not shown) that affix 

35 the fixed clamp half 26 to the end of the adjusting rod 20. 

Integrally formed with the fixed clamp sleeve 32 is a fixed clamp arm 40. The fixed clamp arm 40 is 
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arcuate so as to form a first clamping surface 44 (Fig. 4) that conforms generally to the spherical shape of the 
ball mount 30a. The pivot clamp half 28 is similarly arcuate in shape to provide a second clamping surface 
46. The pivot clamp 28 includes a central cutout 42. The cutout 42 is appropriately sized to allow the pivot 
clamp 42 to be slid loosely over the fixed clamp 26 with the first and second clamping surfaces 44, 46 
5 generally facing each other. The clamping surfaces 44, 46 define a cavity or pocket in which the ball mount 
30a is disposed. 

The fixed clamp arm 40 includes a threaded bolt hole 48, and the pivot clamp 28 includes an 
unthreaded through hole 50. The adjustment bolt 24 includes a threaded portion 52 on one end that is used to 
securely hold the clamp halves 26, 28 together with the ball mount 30 clamped therebetween as illustrated in 

10 Fig. 4. The adjustment bolt 24 includes an Allen socket to allow for additional tool tightening capability of 
the clamp members 26, 28. Note that Fig. 4 illustrates an alternative form of the bolt 24 with a knob for 
manual adjustment rather than an Allen socket bolt head. 

Fig. 5 illustrates an end view of the mounting. bracket 18. The ball mount 30 is suspended from the 
bracket 18 by an integral extension piece 54. The bracket 18 preferably is made of a sturdy lightweight 

15 material such as aluminum, for example. As will be explained hereinafter, the bracket 18 main body is 
inserted into the back end of the gun housing 4 and a slot is provided in the housing 4 to accept the extension 
54. The bracket 18 is secured in the gun by any suitable means such as screws (for the bar mount 
configuration only). Thus, the ball mount 30 can ftilly support the spray gun 1 . 

In use, the fixed clamp 26 is first secured to the end of the adjustment bar 20 by tightening the set 

20 screws through the sleeve holes 38. The operator then slips the pivot clamp 28 onto the fixed clamp 26 by 
inserting the free end of the fixed clamp arm 40 through the slot 42. At this time the pivot clamp 28 loosely 
hangs on the fixed clamp 26. Next, the assembled gun I is held so as to position the ball 30a between the 
clamp surfaces 44, 46. The bolt 52 is then inserted through the first hole 50, through a slot 56 (see Fig. 7) 
through the ball mount 30 and into the threaded hole 48 in the fixed clamp 26. As the bolt 52 is tightened 

25 down, the ball 30a is clamped between the fixed arm 40 and the pivot clamp 26. The bolt 52 thus also serves 
as a pivot axis for the ball 30a. Prior to full tightening of the bolt 52, the ball 30a is free to swivel between the 
clamping surfaces 44, 46 thus allowing a wide range of angular alignments of the gun 1 along both the 
vertical and horizontal independent axes. The clamping surfaces 44, 46 are preferably machined or formed 
with sharp edges 46a that bite into the ball 30a to securely hold the ball 30a in position when the bolt 52 is 

30 fully tightened. 

As illustrated in Figs. 5 and 6, the slot 56 of the ball 30a is preferably not a straight slot but rather is 
V-shaped. This allows the ball 30a to be adjusted in the horizontal plane. In the exemplary embodiment 
herein, the V-shape is formed to allow up to about a 30° lag or lead angle of the gun relative to the 
longitudinal axis of the adjusting rod 20, thus allowing a lag or lead angle relative to the part being sprayed. 
35 The groove walls 58 thus serve as positive stops against the bolt 52 at the maximum angles of lag and lead. 
Other angles may be selected as appropriate for a particular application. It is also preferred though not 



10 



WO 03/031075 



PCT/US02/31343 



required that the ball 30 material be softer than the clamp 28, 40 material to allow the clamp to bite into the 
ball for a more secure clamping action. 

IV. POWDER SPRAY GUN WITH BAR MOUNT CONFIGURATION 
5 With reference next to Fig. 8, the spray gun I will now be described in detail for the bar mount 

configuration. However, most of the details of the gun I components are the same for both the bar mount and 
tube mount configurations, except for the specific details relating to the mounting structures. Therefore, the 
gun 1 detailed description will be only provided herein once, it being understood that the basic gun 1 
configuration is the same for both mounting configurations, except as otherwise noted herein. It is intended 
10 that the same gun I design can be conveniently used for both mounting configurations with only the need to 
substitute a few parts as will be explained, thus significantly increasing the flexibility and configurability of 
the overall powder spray apparatus. 

As noted herein before, a significant aspect of the present disclosure is the use of a gap free powder 
path through the spray gun 1. In the embodiment of Figs. 8A-B, the powder path 60 is made up of a number 

1 5 of segments which are tightly abutted end to end to eliminate all gaps and recesses or other anomalies that 
could either trap powder particles or allow powder to escape the powder path and get into the gun 1 interior or 
be released to the surrounding atmosphere. Thus, in accordance with this aspect of the invention, a tight and 
closed powder path 60 is provided from the powder inlet to the gun 1 to the powder spray outlet 3 at the 
forward end of the nozzle assembly 2. The powder path 60 segments are tightly held together in axial 

20 compression by the use of externally threaded connectors as will be described herein. Since ho internal 
threads or fasteners are needed to secure the powder path, any opportunity for powder to become trapped is 
greatly diminished since a continuously smooth powder path 60 is formed from inlet to outlet. Preferably, the 
powder path 60 extends along a substantially straight line, in this example the longitudinal axis X of the gun. 
Having the powder path 60 entirely linear along a single axis permits much tighter control of the interface 

25 joints between segments of the powder path 60. 

The basic segment of the powder spray gun powder path 60 is the powder feed tube 62. The powder 
feed tube 62 is preferably a fairly rigid cylindrical tube of plastic and has a powder inlet end 62a and an 
outwardly flared outlet end 72. The outlet end 72 includes an o-ring 73 as a backup seal to the interface at the 
end 72 and the shoulder 70a. The powder feed tube 62 is inserted into the main gun housing 4, and in this 

30 embodiment is supported in the housing 4 via a housing insert 64. 

The housing insert 64 is preferably a single piece component made of plastic or other suitable 
material. Figs. 9A and 9B illustrate in detail the housing insert 64. The housing insert 64 is a generally 
cylindrical structure that has an internally threaded back end 66. A central passageway 68 extends through 
the insert 64 and includes an inwardly extending rib 70 near the forward end thereof The rib 70 provides a 

35 rearward face 70a and a forward face 70b. The powder feed tube 62 is sized to closely and easily slide into 
the central passageway 68. As more clearly viewed in Fig. 10, the powder feed tube 62 has a forward end 72 
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that abuts the rearward face 70a of the rib 70 without any significant gap or recess therebetween. With further 
reference lo Fig. 9B, the central passageway 68 includes a forward portion that is of larger diameter than the 
central portion thereof and forms a spider receiving bore 74. The forward end of the housing insert 64 has a 
wall 76 with an outer diameter that is slightly less than the outer diameter of the housing insert 64 body to 
5 form a shoulder or step 78. A seal groove 80 such as for an o-ring seal 80a (Fig. 11) may be provided in the 
wall 76 as illustrated. 

The housing insert 64 further includes a downwardly and rearwardly extending cartridge bore 82. At 
its forward end, the cartridge bore 82 has a reduced diameter and terminates at an opening 84 (Fig. 9B) that 
opens to the spider bore 74. The bore 82 is appropriately sized to slideably receive a cartridge assembly 150 

1 0 as will be described hereinafter. 

The housing insert 64 further includes near its back end two downward extending retaining tabs 86. 
With reference to Figs. 12A and 12B (wherein Fig. 12A is only illustrating features of the main gun housing 
4, not the interior components), the main gun housing 4 includes inwardly extending retaining ribs 88 that 
latch and hold the retaining tabs 86 of the housing insert 64 when the insert 64 is fully inserted into the main 

1 5 gun housing 4. In this manner, the housing insert 64 is securely held in the main housing 4 without the use of 
any threaded fasteners, and can easily be removed by simply bending the tabs 86 slightly inwardly away from 
the ribs 88 and then sliding the insert 64 out of the back end of the main housing 4. Fig. 8A illustrates the 
assembly with the housing insert 64 fully inserted into the main gun housing 4. With reference to Fig. 1 1, the 
housing insert 64 includes a forward shoulder 90 that is axially spaced from an inwardly extending shoulder 

20 92 near the forward end of the main gun housing 4. This provides a gap so that the housing insert 64 can be 
pushed into the main housing 4 to engage the retaining ribs 88 with the retaining tabs 86. The retaining tabs 
86 also can be heard to click into place into the slots 89, which are part of the ribs 88, when the housing insert 
64 is properly seated. 

With reference to Fig. 8A, a spider insert 100 is pushed into the spider bore 74 and has a rear wall 
25 102 that bottoms against the forward face 70b of the housing insert rib 70. As will be further explained, the 
forward end 72 of the powder feed tube 62, the inner cylindrical surface of the rib 70 and the rear wall of the 
spider 100 are held together in tight axial compression to form a continuous gap free path for powder 
traveling through the powder feed tube 62 to the nozzle assembly 2. The spider 100 extends forward into the 
nozzle assembly 2 and has a forward wall 104 that abuts a shoulder 106 in a nozzle tip 108. O-ring grooves 
30 1 10a (Figs. I3A and E) may be provided in the forward portion of the spider 100 to retain o-rings 1 10 to 
provide a seal against powder loss to atmosphere. A nozzle lock nut 1 12 is internally threaded at its back end 
1 14 and is tightened onto a forward threaded end 1 16 of the main gun housing 4. The nozzle lock nut 1 12 has 
a tapering front section 118 that grips a forward tapered end of the nozzle tip 108 as at 1 18a. As best shown 
in Fig. 8C, the nozzle lock nut 112 has an inwardly formed lip 119. The lip 119 is formed with a radius bead 
35 1 19a or other smoothly curved profile that forms a seal with the nozzle 108 against powder spray outside the 
gun nozzle as the lock nut 112 is screwed onto the housing 4. As the lock nut 1 18 is tightened down onto the 
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main housing 4, it pulls the nozzle tip 108 rearward. The nozzle tip 108 and the spider 100 are thus drawn 
rearward as the lock nut 118 is tightened which forms a tight compression interface between the spider rear 
wall 102 and the rib 70, and the spider front wall 104 and the shoulder 106. Therefore, there is a continuous 
gap free straight line powder path 60 through the gun 1 from the back end of the gun through the nozzle tip 
5 108. 

With reference to Fig. 8D, an alternative design for the nozzle and nozzle lock nut is illustrated. In 
the configuration of Fig. 8A, there will tend to be a radial expansion of the lip 1 19 as the lock nut 1 12 pulls 
back on the nozzle tip 108. In some applications, particularly depending on the choice of materials for the 
lock nut 1 12, the lock nut 1 12 may not pull the nozzle tip 108 back tight enough to produce a tight interface 
1 0 between the spider forward wall 104 and the nozzle tip shoulder 106, or the seal at the point 1 18a may lose 
some effectiveness. In the embodiment of Fig. 8D, a modified nozzle tip 400 includes an outwardly 
extending shoulder 402. The nozzle tip 400 includes the same inward shoulder 104 that engages the spider 
end wall 104 when the nozzle tip 400 is installed. The nozzle lock nut 404 is formed with an inwardly formed 
lip 406 that is generally flat at 408 to form a radial shoulder 410. The lock nut shoulder 410 engages the 
1 5 nozzle shoulder 402 to draw the nozzle tip 400 rearward as the lock nut 404 is installed on the threaded end 
1 1 6 of the gun housing 4. This arrangement assures that the nozzle tip 400 will be tightly pulled back 

Referring again to Fig. 8 A, the spider 100 includes an outwardly extending flange 101. The spider 
100 further includes an o-ring groove 103 and an o-ring seal 103a disposed therein and axially spaced from 
the flange 101 . The flange 101 can be used for configurations in which the nozzle tip 108 is cylindrical rather 
20 than tapered. In such cases, the nut 1 18 cannot draw back the nozzle tip 108, and instead is designed with a 
shoulder that pushes on spider flange 101 to draw the spider 100 into the housing insert 64. A gasket (not 
shown) may be provided behind the flange 101 if so required. 

The spider 100 includes a reduced diameter portion 105 adjacent the rear wall 102. This portion of 
the spider 100 seals against an o-ring seal 107 in a groove 107a in the housing insert 64. 
25 In an alternative embodiment illustrated in Fig. 10, the spider 100 has a rearward extending annular 

wing 120 that slips over the reduced diameter forward end 76 of the housing insert 64. In the embodiment of 
Fig. 10, an o-ring 122 is disposed between the rear end of the wing 120 and the shoulder 78 on the housing 
insert 64. Other than these variations of the spider 100 and the housing insert 64, the embodiment of Fig. 10 
is substantially the same as for Fig. 8A, and therefore the same reference numerals are used. 
30 The s P ider 100 is illustrated in detail in Figs. 13A-E. Figs. 13A-D illustrate the embodiment of the 

spider 100 used in Fig. 10, whereas, the embodiment of the spider used in Fig. 8A is illustrated in Fig. 13E. 
The two configurations are substantially the same except for the wing 120 as noted hereinabove and therefore 
will only be described once herein. 

With reference to Figs. I3A-D, the spider 100 is a generally cylindrical structure that is used to hold 
35 and align the high voltage electrode 6 via an electrode holder 124 (Figs. 8A and 10). The spider 100 includes 
• a diametrically positioned powder diverter 126. The diverter 126 extends axially through a portion of the 
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spider 100 interior. The diverter 126 is tapered rearwardly (see Fig. 1 3D) and at its forward end includes a 
threaded axially centered bore 128. A transverse hole 130 opens at an inner end to the rear portion of the 
threaded bore 128 and at an outer end through the side wall of the spider 100 body. The diverter 126 may be 
cored out as at 126a as part of the manufacturing process. A contact tube or hollow pin 132 is inserted into 
5 the hole 130 and extends from the spider 100 outer wall to the back end of the threaded bore 128. The pin 
132 preferably includes an enlarged pin head 132a to prevent the pin 132 from being pushed too far into the 
hole 130, and also to provide a larger electrical contact area as will be apparent herein after. The hollow tube 
or pin 132 allows for the flow of air for purposes that will be described shortly. Alternatively, the hole 130, 
for example, can be a plated through hole. In any case, an electrically conductive path is provided from the 

1 0 back end of the bore 128 through to the outer wall of the spider 100 body. 

An axially extending slot or keyway 134 extends rearward from the pin 132 near to the rear end of 
the spider 100. This slot 134 slideably receives an axially extending rib or key 136 formed in the "six 
o'clock" position of the housing insert 64 (see Fig. 9B). The slot 134 and key 136 cooperate to insure that the 
spider 100 is properly aligned when the spider 100 is axially inserted into the spider bore 74 at the forward 

15 end of the housing insert 64. The use of the keyway being formed in the spider 100 allows for a keyed 
alignment of the spider 100 in the housing insert 64 without the need for an axially long keyway. For 
example, if the keyway were formed in the housing insert 64 with the key being formed on the spider, the 
keyway would likely have to be fairly long in axial length along the housing to permit easier assembly. 
Having such an extended slot in the housing would provide an undesirable conduit for electrical discharges 

20 towards the front of the gun. A slot in the housing also would necessitate a thicker housing wall to maintain 
structural integrity of the housing while accommodating the slot. The present invention thus avoids such 
situations. 

Powder entering the spider 100 rear end from the powder feed tube 62 is diverted around the diverter 
126 on either side thereof through two flow channels 138. The powder stream re-merges into a single flow 
25 stream through and out the forward portion of the spider 100 body and into the nozzle tip 108. 

The electrode holder 124 has a threaded boss 140 at the back end thereof (Fig. 8A). The electrode 
holder 124 is screwed into the threaded bore 128 of the spider 100, thus centering and aligning the electrode 
holder 124 in the powder flow stream that flows through the spider 100 and the nozzle assembly 2. The 
electrode holder 124 is preferably an axially tapered structure with the wire electrode 6 disposed axially 
30 therein. The electrode 6 has a spring 142 connected to the rear end thereof and this spring 142 makes 
electrical continuity with the inner end of the conductive tube 132 in the spider 100 when the electrode holder 
1 24 is fully seated in the bore 128. 

With reference to Figs. 8 A, 10 and 1 1, a valve and electrode contact cartridge assembly 150 provides 
an electrical connection from the voltage multiplier 152 to the electrode 6 via the conductive pin 132. The 
35 cartridge 150 includes a cartridge housing 154 that slideably retains two longitudinally displaceable spring 
loaded contacts. These contacts are a multiplier contact 156 and a spider electrode contact 158. The housing 
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154 in this example is a two piece generally cylindrical device that is assembled outside the gun. Both 
contacts 156, 158 include shoulders that retain portions of the contacts inside the housing 154. An electrically 
conductive spring 162 provides electrical continuity between the contacts 156, 158 and biases the contacts 
away from each other within the housing 154. The multiplier contact 156 electrically contacts a multiplier 
5 output wire 160 when the multiplier 152 is fully inserted and seated in the main gun housing 4. The output 
wire 1 60 in this embodiment is a fairly rigid piece of high voltage electrostatic cable core with a contact 160a 
at the end thereof. The wire 1 60 bends at an appropriate angle to pass into the angled cartridge bore 82 of the 
housing insert 64 as the multiplier 152 is inserted into the gun housing 4. 

The spider electrode contact 158 extends from within the cartridge housing 154 and includes a valve 

1 0 stem 1 64. The stem 164 extends outside the cartridge housing 1 54 and is appropriately sized to seat and seal 
against a valve seat 166 formed in the cartridge bore 82 of the housing insert 64. The spring 162 urges the 
stem 1 64 to the closed position as illustrated in Fig. 1 1 . The valve stem 164 is able to close under the force of 
the spring 162 when the spider 100 is not fully seated in the spider bore 74. As shown in Fig. 1 1, when the 
spider 100 is removed from the bore 74, or at least out of contact with the spider contact pin 158, the spring 

15 162 pushes the contact 158 with the valve stem 164 forward to close the valve. In this position, the contact 
158 extends through a small angled hole 168 in the housing insert 64. When the spider 100 is inserted into 
the bore 74, it pushes the contact 158 back against the force of the spring 162. When the spider 100 is fully 
inserted and seated in the bore 74 by tightening down the nozzle lock nut 118, the electrode contact pin 132 
and in particular the pin head 132a makes electrical contact with the spring biased contact 158. In this 

20 manner, there is excellent electrical continuity from the multiplier output wire 160 to the electrode 6 via the 
multiplier contact 156, the spring 162, the spider contact 158, the contact pin 132 and the electrode spring 
142. 

Several features of this construction are important to note. The straight in-line powder path 60 
defined by the powder feed tube 62, the spider 100 and the nozzle assembly 2 is centrally disposed along the 

25 longitudinal axis of the spray gun 1 , permitting a gap free fully enclosed powder path. The electrode 6 is also 
disposed ideally along the gun longitudinal axis coaxial with the center of the powder flow. The angled 
cartridge 1 50 permits the multiplier 1 52 to be positioned in the gun housing 4 below or above the powder path 
60, with the multiplier 152 and the spider 100 being individually removable from the gun housing 4. The 
spider 100 can be removed as needed for cleaning, and the electrode holder 124 can be removed without 

30 removing the spider 100. When the spider is removed, the valve stem 164 seats against the valve seat 166 to 
close the valve. This prevents powder from passing down through the bore 82 to the multiplier 152. Thus, 
during routine maintenance or color changeover, air can be used to blow powder residue out of the front end 
of the gun housing 4 without powder being blown into the housing interior, while at the same time allowing 
easy access to the multiplier and electrode for repair and replacement as needed. The rib and slot arrangement 

35 136, 134 insures that the spider 100 is properly oriented when it is inserted into the housing 4 so that there is 
positive contact between the spider pin 132 and the spider contact 158. 
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The cartridge assembly 150 is designed so that when the multiplier 152 and the spider 100 are fully 
inserted and seated in the gun 1, an air flow path is available from the region of the multiplier 152 through the 
cartridge 150, around the contact 158, through the hole 168, through the tube 132 and into the electrode 
holder 1 24. This can be easily accomplished, for example, by providing an air flow path through the cartridge 
housing 154. In the illustrated embodiment, air (lows through the contacts 156, 158 and around the spring 
1 52 and out past the stem 1 64 when the stem is in the open position. The electrode holder 124 includes an air 
channel 170 along its length. This air path allows for air wash electrode operation to provide positive air 
pressure at the electrode tip to prevent powder from accumulating on the electrode and from traveling back 
into the gun 1 via the electrode holder 124. When the valve 164 is closed the air path is interrupted at the 
cartridge 1 50, specifically at the seal formed between the stem 164 and the seat 166. 

With reference to Figs. 8A and 8B, the multiplier 152 is inserted into the main gun housing 4 from 
the back end of the housing. The multiplier 152 includes a multiplier output lock nut 172 that securely holds 
the multiplier output wire 160 to an output pin on the multiplier 152. More specifically, the nut 172 includes 
an inward shoulder 176 that engages a ferrule 177 at a rear end of the conductor 160. The ferrule 177 tightly 
grips the conductor 160. The nut 172 is threaded onto or otherwise attached to the multiplier 152 housing. 
As the nut 172 is tightened down, the ferrule 177 is pulled toward the multiplier 152 and urges the conductor 
160 into making good electrical contact with an output pin 178 on the multiplier 152. Preferably, the 
multiplier 152, nut 1 72, ferrule 1 77 and cable 160 are fully assembled as a complete unit before the multiplier 
1 52 is inserted into the main housing 4. The multiplier 152 sits on a rib on the bottom wall of the main gun 
housing 4 in a cavity 174 defined by the housing 4 and the housing insert 64. An air inlet fitting 180 is 
provided to which a suitable air line L can be connected. The fitting 180 is in fluid communication with an 
air passage (not shown) that feeds air from the air line L into the multiplier cavity 174 for cooling the 
multiplier 152. The air passing into the cavity 174 also is used for the electrode air wash as described 
hereinbefore. 

After the multiplier 152 is installed in the main gun housing 4, the mounting bracket 18 (Fig. 7) is 
inserted in the back end of the gun housing 4. A resilient gasket 182 is positioned between the mounting 
bracket 18 and the multiplier 152 in order to secure the multiplier axially within the housing 4 to minimize 
vibration. The bracket 1 8 includes a threaded bore 1 84 through which a power cable M connector can be 
inserted into the housing 4 and connected to the input to the multiplier 152. A lock nut 185 on the cable M 
threads into the bore 184 to securely hold the cable M in electrical contact with the input pins of the multiplier 
152. Screws 186 (Fig. 5) can be used to securely attach the mounting bracket 18 to the back end of the 
housing insert 64 (the mounting bracket in the tube mount configuration is indicated by the numeral 19 in Fig. 
14A and is not attached to the housing insert 64 with screws or otherwise as is further explained herein). An 
end cap 188 may be used to cover the main gun housing 4. Note that the mounting bracket 18 may include a 
bore 190 in the extension 54. An ion collector rod is securely mounted in this bore 190. The mounting 
bracket 18 also includes a powder feed tube bore 194. The bracket 18 (and also the bracket 19 for the tube 
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mount configuration shown in Fig. 14A) is also provided with a seal groove 300 that retains an o-ring sea! 
302 to seal the bracket against the housing 4. This functions to seal against air pressure inside the housing 4. 

With continued reference to Figs. 8A and 8B, the powder feed tube 62 is slipped into the main gun 
housing 4 through the bracket 18 until the forward end of the feed tube 72 abuts the rear face 70a of the 
5 housing insert rib 70 (Fig. 9B). A tubular feed tube lock nut 200 is used to securely hold the powder feed 
tube 62 within the gun housing 4 and tightly abutted against the housing insert rib 70 to minimize gaps 
therebetween. The lock nut 200 has an externally threaded forward end 202. This forward end 202 is 
threadably inserted into the threaded bore 66 at the back end of the housing insert 64 (Fig. 9B). An o-ring 203 
is provided to seal the lock nut 200 against the bracket 18 to seal air in the gun housing 4. Near its back end, 

1 0 the powder tube lock nut 200 has an inward shoulder 204 that pulls the powder tube 62 axially forward tightly 
against the rib 70 of the housing insert as the lock nut 200 is threaded into the back end of the housing insert 
64. In this manner, the powder feed tube 62 is tightly and axially compressed at its forward end against the 
rib 70 to form part of the smooth continuous straight gap free powder path 60 as previously described herein. 
It is important to note that the entire powder path is gap free and the various segments are held together in 

15 compression using externally threaded connectors with no fasteners. An o-ring 205 seals the powder tube 
back end against the lock nut 200. 

A powder feed hose connector 206 is used to connect a powder feed hose H to the back end of the 
spray gun 1 . The connector 206 slides into the back end of the lock nut 200 and abuts the back end 62a of the 
powder feed tube. The coupling 206 includes an outwardly extending shoulder 208. The back end 200a of 

20 the nut 200 is externally threaded and a lock nut 210 is' threaded onto the back end of the nut 200. The lock 
nut 210 has an inward flange that engages the shoulder 208 of the connector 206. As the nut 210 is tightened 
down it draws the coupling 206 axially forward to form a gap free interface at the back end 62a of the powder 
feed tube. Thus, an entirely enclosed gap free powder path is provided from the powder inlet feed line H to 
the nozzle 2 and is held in axial compression by a number of externally threaded connectors. In the example 

25 of Fig. 8, the powder path is formed by the segments that include the powder hose connector 206, the powder 
feed tube 62, the spider 100 and the nozzle tip 108. The connector 206 includes a rearward extending nipple 
portion 212 onto which the powder feed hose H can be pushed or otherwise connected. Note that the lock nut 
200 extends into the main gun housing 4 through the mounting bracket bore 194. 

30 V. POWDER SPRAY GUN WITH TUBE MOUNT CONFIGURATION 

With reference to Fig. 14, for the tube mount configuration the basic design of the spray gun 1 is the 
same as for the bar mount configuration. The most notable difference is that the mounting bracket 19 for the 
tube mount configuration does not include the downward extension 54 and the ball mount 30. Furthermore, 
the bracket 19 is not fastened or otherwise secured to the gun 1, but rather is simply slip fit into the back end 
35 of the gun housing 4. 

As previously described, in the tube mount configuration there is provided an elongated mount tube 5 

17 



n*w*irvr«^i i ^ 

t 



WO 03/031075 



PCT/US02/31343 



lhat may, for example, be made of two integral sections 5 A and 5B that are permanently joined together. The 
forward end of the mount tube 5c telescopically fits over a reduced diameter boss end at the back of the main 
gun housing 4. No fasteners or other means are used to secure the mount tube 5 to the back end of the gun 
housing 4. An inwardly extending shoulder 214 abuts the back wall of the mounting bracket 19 to position 
5 the bracket 19 axially when the gun I is fully assembled. 

In the tube mount configuration the powder feed tube 62 extends all the way from the spider 100 and 
nozzle assembly 2 past the back end of the mount tube 5. Concentrically disposed about the outside of the 
feed tube 62 is a tic bar 216. The tie bar 216 is a generally tubular structure and is externally threaded at its 
forward end 216a and its rearward end 216b. The forward threaded end of the tie bar 216a threadably mates 

10 with the internally threaded bore 66 at the back end of the housing insert 64 and is provided with an o-ring 
seal to seal air in the gun housing 4. It should be noted that although in the preferred embodiment the tie bar 
216 is secured at its front end to the rear portion of the housing insert, this is for convenience only. The tie 
bar could extend further into the main gun housing 4 and be threadably mounted to a different portion of the 
housing insert. Still further, the powder feed tube itself could serve a dual purpose as the tie bar by being 

15 provided with a threaded forward end, as will be readily apparent to those skilled in the art. The shorter tie 
bar 216 seated at the rear end of the housing insert 64 is preferred since this is a blind assembly step and 
therefore is easier to carry out with a shorter tie bar. 

A tube inlet bracket 218 is used to provide a rigid frame for securing the tie bar 216. Figs. 15A and 
1 5B illustrate an exemplary embodiment of the tube inlet bracket 218. The bracket 218 includes a threaded 

20 rear bore 220 and a non-threaded front bore 222. The bores 220, 222 are axially separated yet joined by a 
common bracket body 224. This arrangement provides a generally central open slot 226 for purposes that 
will be described shortly. A bracing rib 228 is provided about the outer perimeter of the bracket body that 
forms the non-threaded bore 222. As illustrated in Fig. 14, the tie bar 216 extends rearward to a point such 
that when the tie bar 216 is dally seated into the threaded back end 66 of the housing insert 64, the threaded 

25 rear end 2 1 6b of the tie bar 2 1 6 partially extends axially into the region of the bracket slot 226. The tie bar 
back end 216b, however, does not extend all the way past the slot 226 to the threaded bore 220, but rather 
there remains an axial gap that is sufficient to permit a threaded tension nut 230 to be threaded onto the back 
end of the tie bar 216. A rear wall 232 of the non-threaded bore 222 engages with the forward face of the 
tension nut 230 (see Fig. 14). As the tension nut 230 is threaded onto the back end of the tie bar 216, the nut 

30 230 pushes the bracket 218 forward. The bracing rib 228 abuts the rear wall of the mount tube 5. As the 
tension nut 230 is farther tightened onto the tie bar 216, the bracket 218 is pushed further forward causing the 
mount tube 5 to be pushed against and held rigidly in compression with the main gun housing 4. Preferably 
the tie bar 21 6 is made of a very rigid plastic such as PVC thus providing a very strong and rigid structure that 
securely holds the gun 1 together. 

35 A hose connector 206 is assembled and joined to the back end of the powder feed tube 62 using a 

tube lock nut 200 in a manner substantially the same as the embodiment of Fig. 8. In the embodiment of Fig. 
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14, however, the lock nut 200 forward end is threadably joined to the threaded bore 220 of the tube inlet 
bracket 218, rather than to the housing insert 64 as done on the embodiment of Fig. 8. A lock nut 210 pulls 

the connector 200 into compressive engagement with the back end of the powder feed tube 62a. 

Thus, in the tube mount configuration illustrated in Figs. 14A and 14B, a continuous straight line 
5 enclosed gap free powder path 60 is formed by the inlet hose connector 206, the powder feed tube 62, the 
spider 100 and the nozzle tip 108. This powder path is completely secured in axial compression by the use of 
externally threaded connectors that join the various segments of the path together. Furthermore, the use of the 
tie bar 216 in combination with the two piece housing 4, 5 provides a very rigid and strong structure that is 
not susceptible to loosening from vibration. 

10 An optional tubing support bracket 234 may be releasably attached to tube inlet bracket 218. This 

bracket 234 (see also Figs. 16 and 16A) provides an arcuate frame 236 that supports the powder feed hose H 
rearward of the powder inlet connector end 212. This support prevents an excessive bend in the powder feed 
hose H that could restrict the free flow of the fluidized powder into the spray gun 1 . The bracket 234 includes 
locking tabs 238 that latch onto ribs 239 on the tube inlet bracket 218. Additional support is provided by a 

15 tongue and groove arrangement. The support bracket 234 includes a vertical rib extension 280 and a 
generally horizontal but somewhat arcuate tongue 282. The rib and tongue 280, 282 slide into a conforming 
T shaped slot 284 formed by a pair of downward extensions 286a and 286b of the tube inlet bracket 2 1 8. 

In the tube mount configuration as previously noted the mounting bracket 19 does not include the 
lower extension 54 and ball mount 30. In order to install the ion collector rod 192, an ion collector mounting 

20 bracket 240 may optionally be provided (Fig. 17). This bracket 240 includes a flange 242 that extends below 
the main bracket body 244. The main body is attached to the bottom of the mounting bracket 19 with a screw 
241, for example. The flange 242 includes a through hole and the ion collector rod 192 can be inserted into 
the through hole and secured to the bracket 240 with a set screw 246 or other convenient means. 

25 VI. GUN PURGE 

A significant benefit of the gap free straight line powder path 60 of the present invention is that it 
allows for a very efficient automatic or manual gun purge cleaning operation. By automatic gun purge is 
meant that the spray gun control system K can connect pressurized air into the powder flow path when the 
gun 1 is not being used during a spraying operation. This air can blow powder residue in the powder path out 

30 the nozzle 2 of the gun I . This can be used effectively during color changeover as well. This automatic purge 
function can be implemented as part of or in place of conventional manual powder purging, the latter often 
being implemented by disconnecting the powder feed hose H from the gun 1 and using an air blast from an air 
nozzle to blow air down the powder feed tube. 

In accordance with this aspect of the invention, an automatic gun purge kit can be provided as an 

35 optional feature of the gun 1 . Of course, the gun purge feature could also be included as a standard feature of 
the gun I . 
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The gun purge function can be readily implemented by changing only a few parts of the gun 1 
assembly. Furthermore, this gun purge feature can be implemented in a similar manner for both the bar 
mount and tube mount configurations, therefore, the apparatus will only be described once herein. The 
principal component that is changed is the powder tube lock nut 200. The modified parts are illustrated in Fig. 
5 19 and as installed in Fig. 18. A modified powder tube lock nut 250 includes a threaded forward end 252 that 
is threadably seated in the threaded bore 220 of the tube inlet bracket 218 for the tube mount configuration 
and in the threaded back end 66 of the housing insert 64 for the bar mount configuration. Opposite the 
threaded end 252 is a reduced diameter nipple 254 having two axially spaced o-rings 256. One or more holes 
258 extend radially through the wall of the nipple end 254 between the two o-rings 256. 

1 0 A purge housing 260 is slideably received onto the nipple 254 as illustrated in Fig. 19. The housing 

260 includes a central passageway 262 that forms an air chamber within the housing 260 and in particular 
axially between the o-rings 256. A threaded bore 264 receives a standard air fitting 266 to which an air line 
can be pushed on or otherwise conveniently connected thereto. The bore 264 opens to the air chamber within 
the housing 260. Thus, an air passage is provided from the fitting 266 through the housing 260 then through 

1 5 the hole 258 into the powder flow path within the lock nut 250. In this manner, pressurized air can be 
automatically fed into the powder path. The housing 260 is a slip fit installation by two o-rings 256 on the 
nipple 254 thereby allowing the air fitting to be rotated to any convenient position (shown in the twelve 
o'clock or up position in Fig. 18). 

A hose connector 268 is inserted into the back end of the housing 260 and extends into the nipple 254 

20 interior. The connector 268 can be provided with a "turn to lock" latching feature 270 that mates with latching 
ribs 272 on the back end of the nipple 254. Alternatively, the connector 268 can be threadably attached to the 
lock nut 250. 

Fig. 21 illustrates, an alternative embodiment of the gun purge assembly. In this embodiment, the 
housing 260' includes two grooves that retain the o-rings 256. By moving the o-rings 256 onto the housing 

25 260', damage to the o-rings from the hole 258' is prevented. 

In this embodiment, the hose connector 268* has been modified so as to use a pull up installation 
rather than a threaded or keyed connection. The connector 268' includes an outer shoulder 700. The nipple 
254' is also slightly modified to include a threaded male end 702 at the back end thereof A lock nut 704 is 
threadably installed on the threaded end 702 and includes an inward flange 706 that engages the shoulder 700 

30 and pulls up the connector 268* securely as the nut 706 is tightened. An o-ring 708 is used to prevent reverse 
powder and air flow from the purge operation. This o-ring is also used on the embodiment of Figs. 18 and 19 
though not labeled. 

Also added in the embodiment of Fig. 21 is a conventional in-line check valve 710. The check valve 
710 is disposed between the air fitting 266 and the housing 260'. The check valve 710 prevents the reverse 
35 flow of air and powder past the fining 266 when the purge function is not being used. The check valve may 
be conventional, such as part no. CVF N 1 -N 1 BU available from PISCO Pneumatic Equipment. 
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Vll. ASSEMBLY AND DISASSEMBLY OF THE SPRAY GUN 

In the tube mount configuration, assembly of the gun can be carried out in the following exemplary 

manner. The cartridge valve 1 50 is seated in the housing insert 64, and then the housing insert is snap fit 
5 installed in the main gun housing 4. The multiplier 1 52 is inserted until the wire 1 60 makes firm contact with 
the cartridge multiplier contact 156. The gasket 182 and the mounting bracket 19 are then slid into the gun 
housing 4. Preferably the gasket 182 is glued to the forward end of the bracket 18, so that the gasket is 
removed and remains with the bracket 19 upon later disassembly. The air and electrical lines are then run 
through the mount tube 5 and connected to their respective terminals. The tie bar 216 is threaded into the back 

1 0 end of the housing insert 64. The mount tube 5 is then pushed onto the back end of the gun housing 4 and the 
bracket 218 installed on the back end of the tie bar 216. The tension nut 230 is then tightened onto the tie bar 
2 1 6 thus pulling up the mount tube 5 to the gun housing 4 and in tight compression. Next the powder tube 62 
is inserted into the gun housing 4 by running it through the tie-bar 216. Then the lock nut 200 is threaded into 
the tube inlet bracket 2 1 8 to put the powder tube 62 in tight compression with the housing insert 64. The hose 

1 5 coupling 206, the hose support bracket 234 and related components can then be installed, with or without the 
purge feature. 

A significant feature of the invention is that the powder feed tube 62 can be one of the last 
components installed. The tie bar 216 securely and rigidly holds the gun 1 together with or without the 
powder feed tube 62 installed, Thus, during a color changeover, the powder tube 62 can be withdrawn from 
20 the gun I without having to disassemble the gun 1 from its mount. This also permits the powder tube 62 to be 
removed without the operator having to enter the spray booth. With the smooth straight line gap free powder 
path 60, purge cleaning is very effective, thus permitting easy interchange of the powder feed tube. 

At the forward end of the gun 1, the electrode 6 is installed in the electrode holder 24, which is then 
seated in the spider 100. The spider 100 is then pushed into the front end of the housing insert 64 to make 
25 electrical contact with the cartridge contact 158 to provide electrical continuity from the multiplier 152 to the 
electrode 6. Finally, the nozzle tip 108 is slipped onto the forward end of the spider 100 and then the nozzle 
lock nut 1 1 2 is tightened onto the forward end of the gun housing 4. 

For the bar mount configuration, the gun 1 assembly is substantially the same. After the mounting 
bracket 18 is screwed into the housing insert 64, the end cap 188 is installed. The ball mount 30 can then be 
30 installed into the clamp assembly 26, 28. 

VIII. ALTERNATIVE DESIGNS OF THE TUBE MOUNT CONFIGURATION 

With reference to Figs. 20A-D, we illustrate additional embodiments of that aspect of the 

invention related to the tube mount configuration as described hereinbefore. One of the basic concepts of 
35 the use of the tie-bar 216 (see Fig. I4A, for example) is to provide a mechanism that rigidly holds the two 

housing sections 4 and 5 together in axial compression without the need for a third housing piece or 
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similarly weak connection. This axial compression can be realized in a number of ways, however, and are 
described hereafter. In the various alternative embodiments, the basic gun structure is the same as for the 
embodiment of -Figs.. 14A,B and need not be repeated, with like parts being designated with the same 
reference numerals for the embodiments described hereinbefore. 
5 In the embodiment of Fig. 20A, the feed tube has been modified to now function as both a feed 

tube 400 and the tie-bar. To effect this result, the forward end of the feed tube 400 is provided with a male 
threaded end 402. This end 402 is installed into a female threaded portion 404 of the housing insert 64. 
Near the back end of the feed tube 400, in the area of the tube inlet bracket 218, the feed tube 400 is 
provided with external threads 406. These threads mate with the tension nut 230. 
| o For assembly, the gun 1 is assembled as in the above described embodiments, except that the feed 

tube 400 is threaded into the housing insert 64. After the bracket 218 is installed, the tension nut 230 is 
tightened onto the feed tube 400, which causes the nut 230 to push on the bracket 218 which axially 
compresses the housing sections 4 and 5 together. 

Those of even ordinary skill in the art will readily appreciate that the feed tube 400 can be 
15 threadably engaged at any convenient location within the housing insert 64, and may also be threadably 
inserted into the back end of the electrode support (spider) 100. 

With reference to Fig. 20B, in this embodiment a small diameter rigid tie rod 500 is used to 
axially compress and hold the two housing sections 4 and 5 together. The rod 500 is threaded at each end 
thereof. The rod 500 forward end is installed into a threaded hole 506 at the back end of the housing 
20 insert 64. The tie rod 500 extends axially rearward generally parallel with the feed tube 62. The back end 
500a of the tie bar 500 is threaded and extends through a hole 502 in the tube inlet bracket 218. A nut 504 
is threaded onto the rear end of the tie rod 500. As the nut 504 is tightened, it presses against the bracket 
218, which in turn axially compresses the two housing sections 4 and 5 together, in a manner similar to 
the embodiment of Figs. 14A,B. Preferably, but not necessarily, the tie rod 500 extends generally along 
25 the central longitudinal axis of the gun 1, however, the rod 500 can also be off-axis and still function to 
hold the gun 1 together in axial compression. 

With reference to Fig. 20C, instead of a single tie bar as in Fig. 20B, a cable 550 is used. An eye 
bolt 552 and mount 554 are installed at the rearward end of the housing insert 64. The eye bolt 552 is 
formed with or attached to the mount 554, and the mount 554 has a threaded end that is installed into a 
30 threaded hole 556 in the housing insert 64. The forward end of the cable 550 is looped and can be slipped 
onto the eye bolt 552. A second eye bolt 558 is attached or otherwise secured with a second mount 560. 
The second mount 560 extends through the tube inlet bracket 218 and includes a threaded back end that 
receives a nut 562. The cable 550 has a loop at the back end thereof that is slipped onto the second eye 
boll 558. As the nut 562 is tightened onto the second mount 560, the cable 550 is placed in tension and is 
35 used to hold the gun housing sections 4 and 5 together in axial compression in a manner similar to the 
earlier described embodiments herein. 
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With reference to Fig. 20D, this embodiment is similar in most respects to the embodiment of 
Figs. !4A and B, except that the housing insert 64 includes a threaded male extension 600. This extension 
.600. extends axially rearward through the mounting bracket 19. In this embodiment, rather than installing 
the tie-bar at the rear end of the housing insert 64 within the gun housing 4, now the tie-bar 602 includes a 
threaded female forward end 604 that is installed on the threaded end of the housing insert extension 600. 
The forward end of the tie-bar 602 engages the mounting bracket 19 and helps hold in it place, although 
the bracket 19 is still fully contained within the gun housing 4 and is not attached to the housing 4, the 
extension 5 or the housing insert 64. 

The tie-bar 602 closely surrounds the feed tube 62 in a manner similar to Figs. 14A,B. The 
rearward end of the tie-bar 602 is threaded and the tension nut 230 is used to pull the housing sections 4, 5 
into axial compression as in the earlier described embodiments herein. 

IX. FURTHER ALTERNATIVE EMBODIMENTS 

With reference to Fig. 22, we illustrate several modifications that may be incorporated into the 
spray gun I . These modifications may be used alone or in various combinations with other aspects of the 
invention, and may be used with the tube mount or bar mount configurations. 

In Fig. 22, the cartridge assembly 150 has been omitted and in its place the multiplier output wire 
160 has been lengthened to extend from the multiplier contact 178 to the opening 84 in the housing insert 
64. The wire 160 is modified in this embodiment by being made as a flexible assembly. The wire 
assembly 160 includes a brass wire 800 that is molded in a sleeve 802 made of a soft material such as 
PVC for example. At one end the wire 802 is joined such as by welding to a suppression resistor 804 
which preferably is also molded in the sleeve 802. The opposite end of the resistor 804 is joined to an 
electrical contact 806 that is electrically coupled to the multiplier 152 output 178 via a nut 172 and a 
flanged ferrule 177 assembly such as was described herein with reference to Fig. 8A. In this case the 
ferrule 177 is integrally molded as part of the sleeve 802. The wire assembly 160 is installed on the 
multiplier 152 prior to inserting the multiplier 152 into the housing 4. The flexible wire 160 easily passes 
through the angled or curved bore 82. At its opposite end, the wire 800 is welded or otherwise joined to a 
contact pin 158. The pin 158, as noted herein before, slightly extends through the housing insert opening 
84. The flexible output wire 160 has sufficient inherent "spring" like quality to allow the contact 158 to 
make electrical contact with the electrode 6 as the spider 100 is inserted into the bore 74 of the housing 
insert 64. 

The spider 100 has also been somewhat modified in the embodiment of Fig. 22. The spider 100 
still retains the electrode holder 124 with the main electrode 6 and the spring extension 142 extending 
therethrough. However, as compared to Fig. 8A, the pin 132 has been replaced with a somewhat rigid but 
bendable wire 808 that extends through the spider bore 130 and contacts the spring wire 142 at one end. 
A second bore 810 is also provided for allowing air to pass into the electrode holder 124. 
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The wire 808 extends through the bore 130 and then bends to an axially extending portion 808a. 
the axially extending portion 808a is positioned in the area where the contact 158 extends through the 
opening 84 in the housing insert. By having a portion of the wire 808 extend axially, the wire 808 is more 
easily assured of making contact with the contact pin 158 as the spider is axially inserted into the housing 
5 insert bore 74. 

A further modification of the spider 100 is that the keyed arrangement is now positioned at the top 
of the spider opposite the contact wire 808. In the embodiment of Fig. 8A, the housing insert included a 
rib 136 that was keyed to a slot 134 in the spider 100. In the modified embodiment, the spider 100 has an 
axially extending rib 812 formed thereon that keys into an axially extending slot 814 formed in the 

10 housing insert 64. This assures that the spider 100 is properly aligned when inserted so that the contact 
1 58 and wire 808 are assured of making good electrical contact. 

In a still further modification illustrated in Fig. 22, the rib 70 (see Figs. 8A and 9B) of the housing 
insert 64 has been eliminated, and the spider 100 now includes an axially collar 816. The forward end of 
the powder feed tube 62 pilots into the collar 816 and abuts a shoulder or counterbore 818 formed therein. 

15 An advantage of this design is that the powder tube 62 may be inserted into the spider 100 and the 
tube/spider assembly inserted into the gun from the front end. Thus, the assembler has the option of 
inserting the powder tube 62 into the gun from the back end of the gun 1 or the front end. This design 
also eliminates one joint (see shoulder 70b in Fig. 8A) in the powder flow path. An o-ring 73 is still 
provided to seal the coupling of the spider 1 00 and the powder feed tube 62. 

20 In some powder spray systems, it is desired to quickly change powder color. The present 

invention provides a gun design that can be easily purged and cleaned. Often times it is desired to run two 
powder feed hoses H up to the gun for quicker changeover. With reference to Figs. 23 and 24, a modified 
tube support bracket 820 is illustrated. This bracket 820 includes a forward end having a generally tubular 
body 822 that is appropriately dimensioned to slip snugly onto the back end of the elongated mount tube 

25 5. The shape of the body 822 will be selected to conform to the contour of the gun housing 5 for an easy 
slip fit installation. The bracket 820 further includes a rearwardly extending and downwardly curved tray 
824 that supports the powder hoses HI and H2. In this example, hose HI is connected to powder tube 
connector end 212 (Fig. 14B for example) on the spray gun I. The hose H2 that is not being used during 
the current spraying operation is then plugged with a plug 826 on the bracket. For color changeover, the 

30 hoses are swapped and a second plug 828 used for hose HI . 

With reference to Fig. 25, the back end of the gun 1 has been simplified by eliminating the 
bracket 218. In this embodiment, the tie bar 2 1 6 extends forward into and is threadably joined to the rear 
portion of the housing insert 64. The rear portion of the tie bar is threaded as at 830 and extends axially 
through a locator bracket 832. The locator 832 has an annular rib 834 that engages the back end of the 

35 mount tube 5B. the tension nut 230 is threadably installed on the tie bar 216 and tightened until the mount 
tube 5 and housing 4 are pulled up and held together in compression as previously described herein to 
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form a rigid strong structure. The threaded end of the tie bar 216 extends axially rearward of the tension 
nut 230. A hose connector 836 includes a threaded socket 838 so that the connector maybe threadably 
...installed on the rear end of the tie bar 216. The connector 836 includes an inner shoulder 840 that 
engages the rear end of the powder tube 62. As the connector 836 is threaded onto the tie bar 216, it 
5 pushes the powder tube axially forward to form a tight enclosed powder flow path, with the forward end 
of the powder tube 62 tightly abutting the shoulder 818 in the spider 100 (Fig. 22). This greatly simplifies 
purging and cleaning for color change and assembly of the gun I . 

Figs. 26-30 illustrate another embodiment of a spray nozzle in accordance with another aspect of 
the invention. As noted hereinabove, typical flat spray nozzles such as those illustrated in the other 

10 embodiments described herein above, produce a flat fan-like spray pattern that spreads out from the 
nozzle outlet 3 (see Figs. 1 and 8A). This is because the outlet slot where the powder exits the nozzle is 
centered about the central longitudinal axis of the nozzle assembly 2. As will be noted from Fig. I, if the 
spray pattern N were being used to coat a non- vertical surface, especially from below the surface, much of 
the spray pattern would miss the target because half of the spray pattern N is directed away from the non- 

1 5 vertical surface. This is especially noticeable when attempting to spray horizontal or near horizontal 
surfaces. 

With reference to Fig. 26, a nozzle that produces a directional spray pattern is generally 
designated with the numeral 900. The nozzle 900 may be installed on any suitable spray gun, including 
but not limited to the various spray gun embodiments illustrated herein. The nozzle concepts related to 

20 this aspect of the invention are also applicable to any electrostatic spray gun including tribocharging spray 
guns and corona spray guns, as well as non-electrostatic spray guns. 

The nozzle 900 includes a nozzle body 902 that may include a flange 904 on the back end. This 
flange may engage a lock nut that secures the nozzle 900 to the spray gun housing, such as for example 
lock nut 112 in Fig. 10; however, other techniques may be used to mount the nozzle 900 to the spray gun 

25 as required for a particular gun design. 

At a forward or outlet end of the nozzle body is a central orifice 906 through which partially 
extends an electrode tip when the nozzle is installed on a corona type electrostatic spray gun. A series of 
three slots 908a, 908b and 908c are also provided in the nozzle body near the forward end thereof. 
Although three slots 908 are illustrated in the exemplary embodiments, the present invention may also be 

30 realized using a single slot or any other number of slots as required to effect a desired spray pattern. 

The nozzle body includes a central longitudinal axis XX. Note that a reference plane YY can be 
defined in terms of the central axis XX. The central axis XX is coplanar with the reference plane YY. In 
accordance with one aspect of the invention, the reference plane has an angular orientation such that the 
slots 908 are all positioned substantially on one side of the reference plane. The slots 908 are stated as 

35 being "substantially" on one side of the reference plane YY because it is the resultant spray pattern 910 
(Fig. 30) that is of primary interest. Note from Fig. 30 that in accordance with the invention, the slots 908 
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are configured so as to produce a spray pattern 910 that is directed away from the reference plane and to 
only one side of the reference plane (the reference plane YY in Fig. 30 extends in and out of the plane of 
the drawing). 

The reference plane YY is not necessarily horizontal but rather defines a general boundary from 
5 which the spray pattern 910 is directed. The directional arrows 910a and 910b are only provided as an 
example, and it should not be construed that the actual spray pattern 910 will have such a sharply defined 
boundary or that none of the powder particles will pass below the reference plane YY. Rather, the 
exemplary representation of the spray pattern 910 is intended to convey the concept that most of the spray 
pattern, and especially the powder rich volume thereof, is directed in a desired direction on one side of the 

1 0 reference plane YY. 

Thus, in the example of Fig. 30, if the nozzle body 902 is installed on a spray gun such that the 
central axis XX were in fact horizontal, the spray pattern 910 would be directed upwards and would 
efficiently coat a bottom horizontal surface, much better than if the spray pattern were centered about the 
central axis XX as in prior spray nozzle designs. Further note that by simply rotating the nozzle body 902 

1 5 about the central axis XX, the angular orientation of the spray pattern can be adjusted (which corresponds 
to a similar rotation of the angular orientation of the reference plane YY). It is further important to note 
that the slots 908 need not be entirely on one side of the reference plane YY, although as a practical 
matter to effect a spray pattern 910 that is on one side of the reference plane the slots 908 will also 
substantially or entirely be on one side of the reference plane. 

20 The slots 908 generally extend from a forward end of the nozzle body 902 in a backwardly and 

generally axial direction relative to the central axis XX. With reference to Figs. 28 and 29, the nozzle 
body includes a passageway 912 for powder. The nozzle body 902 further includes in this embodiment a 
* bore 914 that slideably receives a forward end of a powder feed tube (not shown) that bottoms against a 
counterbore 916. Powder thus passes from the feed tube into the passageway 912 and out the slots 908. 

25 Fig. 28 illustrates a cross-section of one of the laterally adjacent side slots 908c (adjacent the 

central slot 908b). The side slots 908a and 908c have the same geometry however this is not required. 
Each side slot 908a and 908c has a forward wall 918 and a rearward wall 920. The forward wall 918 is 
angled at an angle a relative to the central axis XX, and the rearward wall 920 is angled at an angle 0 
relative to the central axis XX. The reference axis for the angles a and )8 need not be the central axis XX. 

30 Furthermore, although in the exemplary embodiments herein the central axis XX also is coaxial with the 
longitudinal axis of the spray gun, this need not be the case. In the exemplary embodiment, the angle a 
may be about 30° and the angle 0 is about 45°. However, these angles are intended to be exemplary in 
nature and should not be construed in a limiting sense. The angles a and 0 may have about or exactly the 
same values to each other and other values as well. 

35 Fig. 29 illustrates the middle slot 908b in cross-section. Note that the middle slot 908b also 

includes a forward wall 922 and a rearward wall 924. Both central slot walls 922 and 924 are angled at an 
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angle 0, however, the forward wall and rearward wall may be angled at different angles such as the side 
slots 908a and 908c. In the exemplary embodiment the angle d is about 45°, but different angles may also 

be. used. ...... 

For all of the angles a, j3 and 0, the actual angles selected, as well as the length and width 

5 parameters of the slots 908 may be selected to produce a desired spray pattern. For example, using three 
slots makes the spray pattern somewhat thicker compared to a single slot. Having the forward walls in the 
side slots shallower such as at about 30° tends to spread the pattern a bit more than if both walls were at 
about 45° for example. 

Fig. 31 illustrates another embodiment of a directional spray nozzle. In this example, the nozzle 
1 0 body 930 includes a central slot 932 that is axially elongated so as to extend to the central axis BB. In this 
manner, the electrode 934 can extend into the central slot 932. The electrode tip may also extend partially 
out of the slot or be somewhat recessed within the slot 932 as shown. This version of the nozzle also 
includes a flange at the back end of the nozzle body as in the previous embodiment herein. The 
illustration of Fig. 31 however illustrates a lock nut 936 installed on the nozzle body. The slots 932, 938 
15 and 940 may be made similar to the slots described with respect to Fig. 26 hereof, or have another 
configuration. In any case, the slots 932, 938 and 940 are substantially positioned to one side of a 
reference plane that is coplanar with the central axis BB to produce a directional spray pattern generally 
on one side of the reference plane. 

In the various embodiments herein of a directional spray nozzle, the slots 908, 932, 938 and 940 
20 include side walls (for example, walls 908f and 908g in Fig. 26) that join the forward and rearward walls. 
Preferably, although not necessarily, these side walls are formed normal to the reference plane YY. 
Alternatively the side walls may be tapered or have other shapes. The slots may take any suitable shape to 
achieve a desired spray pattern and are not limited in shape to the exemplary embodiment herein of an 
oval (Fig. 26). 

25 An advantage to using multiple slots is that they reduce the exterior "land" area of the nozzle 

body surface 942 (i.e. the surface area that is present between the slots and also between the slots and the 
electrode orifice). This arrangement provides less exterior surface area at the front of the nozzle in the 
region of the sprayed powder, which reduces accumulation of powder on the exterior surface of the 
nozzle. 

30 The invention has been described with reference to the preferred embodiment. Obviously, 

modifications and alterations will occur to others upon a reading and understanding of this specification. It 
is intended to include all such modifications and alterations insofar as they come within the scope of the 
appended claims or the equivalents thereof. 
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CLAIMS 

What is claimed is: 

5 

1 . A nozzle for a powder spray gun, comprising: 

a generally hollow nozzle body having a powder passageway therein; said passageway having a 
central axis; at least one slot in said nozzle body that opens to said passageway; said at least one slot being 
substantially on one side of a reference plane; said central axis being coplanar with said reference plane; 
1 0 whereby powder enters said passageway and is sprayed out said at least one slot to form a spray pattern that is 
substantially directed away from said reference plane. 

2. The nozzle of claim I comprising a plurality of slots in said nozzle body that open to said 
passageway and that are all on said one side of said reference plane. 

3. The nozzle of claim 2 wherein said slots extend generally axially from a forward portion of 
1 5 the nozzle. 

4. The nozzle of claim 3 wherein said slots comprise three slots with a center slot and a side slot 
on each lateral side of said center slot. 

5. The nozzle of claim 1 comprising an orifice in said nozzle body through which an electrode 
extends to electrostatically charge powder passing through said at least one slot. 

20 6. The nozzle of claim 5 wherein said at least one slot comprises three slots with a center slot 

and a side slot on each lateral side of said center slot. 

7. The nozzle of claim 6 wherein said orifice is part of said center slot. 

8. The nozzle of claim 1 wherein said at least one slot comprises a plurality of slots that extend 
generally axially from a forward end of the nozzle; wherein each slot is defined by two generally parallel side 

25 walls, a forward wall portion and a rearward wall portion; said forward and rearward wall portions being 
sloped at an angle relative to said central axis. 

9. The nozzle of claim 8 wherein one of said slots has a forward wall portion angled at about 
45° and a rearward wall portion angled at about 45°. 

10. The nozzle of claim 8 wherein one of said slots has a forward wall portion angled at about 
30 30° and a rearward wall portion angled at about 45°. 

1 1 . The nozzle of claim 8 wherein one of said slots has a forward wall portion angled at an angle 
that is different from an angle of its rearward wall portion. 

12. The nozzle of claim 1 wherein said at least one slot has forward and rearward wall portions 
that are defined in part by a radius. 

35 13. The nozzle of claim 1 wherein said at least one nozzle produces a generally flat fan-like' 

spray pattern. 

1 4. A powder spray gun, comprising: 
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a spray gun housing; 

a nozzle assembly mountable on said gun housing; said nozzle assembly including a nozzle and a 
powder feed tube that slideably inserts into a back end of said nozzle; 

said nozzle having a generally hollow nozzle body with a powder passageway therein; said 
5 passageway having a central axis; at least one slot in said nozzle body that opens to said passageway; said at 
least one slot being substantially on one side of a reference plane; said central axis being coplanar with said 
reference plane; whereby powder entering said passageway is sprayed out said at least one slot to form a 
spray pattern that is substantially directed away from said reference plane. 

15. The spray gun of claim 14 wherein said nozzle body can be selectively rotated about said 
1 0 central axis to change orientation of said reference plane to thereby direct said spray pattern in a selected 

direction. 

16. The spray gun of claim 15 wherein said powder feed lube comprises at least one seal that 
frictionally holds said nozzle body on said powder feed tube. 

17. The spray nozzle of claim 14 wherein said passageway central axis is coaxial with a 
1 5 longitudinal axis of said housing. 

18. The spray gun of claim 14 comprising a plurality of slots with each slot being open to said 
passageway and on one side of said reference plane. 

19. The spray gun of claim 18 comprising a forward opening in said nozzle body that receives a 
forward end of an electrode; said opening being coaxial with said central axis. 

20 20. The spray gun of claim 19 wherein said electrode partially extends outside said nozzle body. 

21. The spray gun of claim 14 comprising a gun mount arrangement to support said spray gun 
during a spraying operation. 

22. The spray gun of claim 21 wherein said gun mount arrangement comprises a tube mount. 

23. The spray gun of claim 2 1 wherein said gun mount arrangement comprises a bar mount. 
25 24. A spray nozzle for an electrostatic powder spray gun, said nozzle comprising: 

a generally hollow nozzle body having a powder passageway therein; said passageway having a 
central axis; three slots in said nozzle body that each open to said passageway; each said slot being 
substantially on one side of a reference plane that is coplanar with said central axis; whereby powder enters 
said passageway and is sprayed out said slots to form a spray pattern that is substantially on only one side of 
30 said reference plane. 

25. A spray nozzle for an electrostatic powder spray gun, said nozzle comprising: 
a generally hollow nozzle body having a powder passageway therein; said passageway having a 
central axis; three slots in said nozzle body that each open to said passageway; a central opening in said 
nozzle body that is coaxial with said central axis and that receives one end of an electrode when said nozzle is 
35 assembled onto an electrostatic corona spray gun; each said slot being substantially on one side of a reference 
plane that is coplanar with said central axis; whereby powder enters said passageway and is sprayed out said 
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slots to form a spray pattern that is substantially directed at an angle away from one said electrode. 

26. The spray nozzle of claim 25 wherein said electrode extends partially outside said nozzle 
body when said nozzle is installed on a corona spray gun. 
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